Transgenic tobacco plants expressing a gene encoding the tobacco mosaic virus (TMV) movement protein (30K) were studied using immunocytochemical techniques. The movement protein was shown to be localized within or on most of the plasmodesmata observed in the transformed plant. These results are consistent with the idea that the movement protein interacts with the plasmodesmata to facilitate the cell-to-cell spread of TMV.
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The passage of a plant virus from cell to cell is assumed to be via the intercellular connections known as plasmodesmata. The structure of these junctions (for review see Robards & Lucas, 1990) in the 'normal state' provides a barrier to the intercellular passage of the virus owing to the size limitations of the channel neck constriction (Gibbs, 1976) . The channels must therefore be modified to enable virus particles or nucleoproteins to pass.
One of the most comprehensively studied plant viruses is tobacco mosaic virus (TMV) and there is strong evidence for the involvement of a viral gene product, the movement protein (MP), in cell-to-cell spread of the virus (for a review see Hull, 1989) . It is thought that the MP may facilitate the spread of the virus from cell to cell by modifying plasmodesmatal permeability. Analysis of potential MP/plasmodesmatal interactions has included the localization of the MP in TMV-infected plants. This study has shown that the protein is transiently associated with the plasmodesmata at the early stages of infection (Tomenius et al., 1987) . In addition, the plasmodesmata of transgenic plants expressing the MP were shown to have an increased permeability limit (Wolf et al., 1989; Deom et al., 1990) .
It was of interest to determine the localization of the MP in transgenic plants which constitutively express the MP gene at a high level and that have plasmodesmata of modified permeability. Furthermore, analysis of transgenic plants was expected to identify the localization of the MP within the plant cell independently of other viral products normally present during infection.
Transgenic tobacco plants and antiserum to an oligopeptide corresponding to a region near the carboxy terminus of the MP were as described in Deom et al. (1987) . Two plant lines were examined, the MP geneexpressing line 277 and the control transgenic plant line 306 which contains the transformation vector without the MP gene. Proteins were extracted and fractionated from the older leaves, which had previously been shown to contain the greatest amounts of MP (Deom et al., 1990 ), using a method described by Godefroy-Colburn et al. (1986) . The extracted proteins were analysed by SDS-PAGE and transferred to nitrocellulose filters by semidry electroblotting before being probed with the MP antiserum (Deom et al., 1987) samples of pre-stained protein markers (Bio-Rad) electrophoresed in parallel. Probing of the separated plant protein extracts with anti-MP antiserum revealed significant labelling of MP in the cell wall fraction from line 277 plants (Fig. 1) . The detection of this band was blocked completely by preabsorption of the antiserum with the antigenic oligopeptide thus confirming the antigenic identity of the protein detected. As no signal was detected with the preabsorbed antiserum even after prolonged incubation, it was considered unnecessary to probe sections with this antibody preparation. These results confirmed that the line 277 plants were expressing the protein and were therefore suitable for localization studies.
Leaves of plant lines 277 and 306 were prepared for sectioning by low temperature embedding of nonosmicated material in London resin and analysed by immunogold cytochemistry as described by Linstead et al. (1988) . Ultrathin sections were cut, blocked, washed and incubated with a 1:100 dilution of the anti-MP serum for 1 h at room temperature. Gold labelling was at similar temperatures using a 1 : 30 dilution of goat antirabbit IgG antiserum conjugated to 15 nm gold particles (Janssen Auroprobe). Immunostained sections were examined in a JEOL J E M 1200EX electron microscope.
Immunogold analysis of sections of spongy mesophyll and epidermal cells from plant line 277 revealed a significant amount of gold labelling within or on the plasmodesmatal structures observed (Fig. 2 ). Of the more than 100 plasmodesmata examined, over 90 ~ were labelled. When a similar number of plasmodesmata were examined in sections from the control plants, line 306, none were labelled which suggests that the effect was not caused by the transformation vector itself. The percentage of labelled plasmodesmata in the MP-expressing transgenic plants is comparable to the 83 ~ labelling seen at 24 h after TMV infection of normal plants (Tomenius et al., 1987) . Examination of the cell wall regions of a typical section showed that less than 5 ~ of the area was occupied by plasmodesmata whereas 90~ (10/11) of the observed gold particles were localized over these structures. Analysis of other parts of the cell very occasionally identified randomly distributed gold particles and no localized concentrations were detected. In addition, the central cavities of the plasmodesmata observed in plant line 277 were larger in diameter and differed in morphology to those of the control plant line (Fig. 3) . These ultrastructural modifications are currently under investigation. These observations demonstrate for the first time that the MP that accumulates in the transgenic plants is localized within or on the plasmodesmata. The MP localizes to the plasmodesmata in the absence of other TMV proteins and this fact suggests that the MP alone may function to open the plasmodesmata and permit the cell-to-cell spread of TMV in a normal infection. In addition, the localisation is consistent with the proposed MP-mediated modification of the plasmodesmatal permeability of these transgenic plants (Deom et al., 1990) . Our results argue against models of plasmodesmatal modification that involve viral components other than the MP, and also strongly suggest that the MP alone interacts specifically and directly with a plasmodesmatal receptor that is responsible in turn for channel gating.
The observations, however, raise the question of how these plants maintain a metabolic balance with 'open gated' plasmodesmata, and additional experiments will be necessary to address this question.
